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1 Introduction 
Autism is a complex neurodevelopmental disorder 
characterized by impairments in reciprocal social 
interaction and communication, and stereotyped and 
repetitive patterns of interests and behaviours. The 
majority of cases arise on the basis of specific 
genetic influences. The few postmortem studies 
have found evidence of increased brain size, cortical 
dysgenetic lesions, increased neuronal packing 
density in the hippocampus and amygdala and 
related structures, and decreased Purkinje cell 
number. It is now generally accepted that autism 
arises on the basis of several different cognitive 
deficits, but there is no agreement on the underlying 
pathophysiology [1]. Our neuroimaging strategy has 
been to investigate neuropsychological processes 
whose brain basis is well studied, in order to identify 
neurophysiological/neuroanatomical abnormalities  
underlying autistic cognitive deficits. 
Frith [2] has argued that individuals with autism 
show weak central coherence: an impaired ability to 
integrate sources of information to establish 
meaning. Reading comprehension is often impaired 
relative to reading accuracy. The weak central 
coherence account is specifically supported by the 
finding that affected individuals are less likely to use 
sentence context spontaneously to guide the 
pronunciation of homographs: words that have 
several different meanings and whose pronunciation 
sometimes differs  [3,4,5].  
The brain correlates of the effects of sentence 
context on the interpretation of ambiguous words 
can be investigated by examining N400 event–
related potentials, which are elicited by semantically 
anomalous or unexpected words [6,7,] and by a 
deviation from an established context [8].  

2 Methods 
2.1 Subjects 

Six able English adults with autism (5 males, 1 
female; 4 right handed, 2 left handed) were flown to 
Finland for study in the Low Temperature 
Laboratory of the Helsinki University of 
Technology. They were compared with eleven 

healthy adults (laboratory and support staff, and 
visitors; 5 women and 4 men; 1 left-handed female, 
1 left-handed male) who were all native speakers of 
English. All participants gave written informed 
consent before the experiment (Helsinki 
Declaration). 

2.2 Task 

The subjects read single English words printed in 
black that were presented sequentially (200ms 
display, 500ms separation) on a screen to form 100 
sentences, each of which ended in a homograph with 
a full stop. The sentence always biased a subordinate 
meaning of the homograph (i.e. not the most 
common meaning). 
The homographs were followed either immediately 
(200ms stimulus onset asynchrony (SOA): short 
SOA) or after an SOA of 700ms (long SOA) by a 
probe word related either to the meaning of the 
sentence (a subordinate probe) or to the dominant 
meaning of the homograph (denoted as a dominant 
probe). For example; 

subordinate probe: ‘The fisherman sat on 
the bank.  stream’ 
dominant probe: ‘Alice sang in completely 
the wrong key.  lock’. 

To avoid any confusion with the sentence, the probe 
words were printed in red. The sentences had an 
average length of 7.5±1.7 words. The subjects were 
instructed to indicate whether the probe word was 
related to the meaning of the sentence or not by 
pressing a key with the right index or right middle 
finger respectively when prompted by a visual cue. 
This cue appeared 1200ms after the probe word to 
avoid contamination of the response by motor 
artifacts. We predicted that subjects with autism 
would show an increased response to subordinate 
probes compared to dominant probes, because of 
greater activation of the dominant meaning of the 
homograph. 

2.3 Data analysis 
The measurements were performed using a 
Neuromag-122 system, which consists of a helmet-
shaped array of 61 pairs of first order sensors [9]. 
The outputs of each pair of detectors are most 



sensitive to the current flow in the region 
immediately below the detectors, where the local 
root-mean-square (rms) signal summed over the two 
readings is a measure of the strength of the current. 
The data were sampled at 373Hz (0.03 to 130Hz 
anti-alias filter). The electro-oculogram and the 
electrocardiogram were recorded to control for 
artifacts. Head movement was checked by 
measuring head position before and after each 
experiment.  
The responses were averaged separately for each of 
the four probe stimulus types (subordinate and 
dominant probes; short and long delay). Prior to 
analysis, average signals were further filtered (0.2 to 
30Hz) and normalised to the signal variance within a 
baseline interval (0 to 200ms) before stimulus 
arrival. In order to identify differences between 
neuronal activation associated with given stimuli at 
short latency where signal amplitudes can be very 
low, a time-dependent measure P(t) that takes into 
account the data from all sensors was used. It is 
defined by 
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where N=122 denotes the number of channels, and 
prob is the significance level of the quantity in 
brackets [10]. wi is the level of significance of a 
non-parametric, paired Wilcoxon test of the pairs of 
evoked responses from the 11 subjects in the ith 
channel. It depends on latency.  
P(t) identifies latencies where, overall, there are 
significant differences between two classes of 
response. For each such latency, spatial maps of wi 
were calculated in order to assess the distribution of 
significance. 

3 Results 
3.1 Task performance 
All subjects completed the task with few errors 
(autistic subjects 93% correct, normal subjects 95% 
correct). The left handed subjects reported no 
problems using a right-handed keypad. Head 
movement was negligible (<5mm).  

3.2 Evoked fields and significant differences 
between N400 components associated 
with probe words 

In both subject groups for long SOA probe words, 
primary visual responses (about 100ms) and word-
evoked responses (about 150ms) were identified 
over occipital areas and bilateral inferior occipito-
temporal cortical areas respectively. Temporal 
overlap of wave forms elicited by the homographs 

and short SOA probe words does not allow a 
consistent characterisation of early latency fields for 
this type of probe. 

Normal subjects 
At latencies from ~300 ms to ~500ms, the mean 
power for contextually inappropriate probes (i.e. 
probe words with dominant meaning) presented at 
short SOA is topographically similar to that seen in 
a companion study using anomalous sentence 
endings (i.e. a classical N400 paradigm). The 
strongest activity at ~ 400ms is concentrated around 
left temporal regions. There is some evidence of the 
bilateral counterpart, though this is most evident at 
somewhat shorter latency, at ~330 ms. 
The corresponding responses to subordinate probe 
words at short SOA throughout the selected latency 
range are concentrated somewhat anterior to the left 
temporal region activated by the dominant probe 
words. Right hemisphere activity is broadly similar. 
Wilcoxon analysis of differences between stimuli 
classes shows that this left anterior region generates 
more power (1% significance) to subordinate probe 
words in the latency range 450-500ms. This is the 
only region and latency range at which, with short 
SOA, there is a difference between dominant and 
subordinate responses that reaches the 1% level. 
For long SOA, the responses to both dominant and 
subordinate probe words are weaker and shifted to 
encompass not only left lateral temporal regions but 
also, as the most active source, left parietal cortex. 
The Wilcoxon test identifies no areas within the 
300ms to 500ms latency interval for which there are 
significant differences (at the 1% level) between 
these two stimulus classes. 

Autistic subjects 
It is potentially misleading to present the raw mean 
power data for the autistic group as the limited 
number of subjects may lead to the data from an 
atypical individual subject influencing the mean data 
unacceptably. In general, N400 responses in 
individuals with autism occurred some 20-30ms 
later than in normal subjects, and were less clearly 
localised. 

Pairwise Wilcoxon tests on the short SOA data fail 
to show any significant difference between the 
responses to dominant and subordinate probe words 
at the 1% level. The most significant  differences are 
in the latency range 450-500ms where they have a 
very similar topography to those found in normal 
subjects but are only present at the 12% level. The 
differences are seen in left lateral anterior regions, 
where the subordinate probe words generate greater 
power.   



At long SOA, there are no differences that reach 1% 
significance but the Wilcoxon pairwise analysis 
does provide a difference at 3% when comparing the 
responses to subordinate and dominant probe words. 
Over anterior left parietal regions, the subordinate 
probe words elicit a significantly larger response in 
the latency range 390-450ms. This region is 
somewhat anterior and medial to the active region at 
long SOA in normal subjects and corresponds with 
the area activated in the companion study by 
anomalous sentence endings. 
 
 

  

Figure 1: A comparison of normal (left) and autistic 
(right) responses in the condition where the probe 
word follows immediately homograph offset. The left 
hand map shows the areas where there are 
significant differences between the responses to 
subordinate and dominant probe words in the 
latency range 450ms-500ms. The differences 
correspond to greater activity following subordinate 
probe words. The map for the autistic group was 
constructed by relaxing the significance threshold to 
12%.. At this level, the Wilcoxon test also identifies 
stronger activation to subordinate probe words. 

4 Discussion 
In normal subjects although there was a strong 
response to dominant probes, peaking at ~400ms, 
the only statistically significant finding was the 
greater activity elicited by subordinate compared to 
dominant probes between 450ms and 500ms. The 
statistically significant increase in activity was 
located anterior to that elicited by dominant probes 
(and anomalous sentence endings). Although this 
may represent a “classical” N400 response, the 
longer latency, more anterior location and evocation 
by a contextually relevant probe raises the 
possibility that it indexes some form of semantic 
closure. N400 responses were also observed at long 
SOA, but there were no statistically significant 
differences between the responses to the two types 

of probe word, suggesting some similarity in the 
strength of activation of both meanings of the 
homograph in this paradigm. The findings in normal 
subjects suggest that the temporal and spatial 
resolution of MEG provide an opportunity for 
dissecting out the evoked components at longer 
latencies that potentially reflect different semantic 
processes. 
 

 

Figure 2: A comparison of normal (left) and autistic 
(right) responses in the condition where the probe 
word is delayed by 500ms from homograph offset. In 
each the case the map shows the areas where there 
are significant differences between the responses to 
subordinate and dominant probe words in the N400 
latency range. In the autistic group, the differences 
correspond to greater activity following subordinate 
probe words in the latency range 390ms to 450ms.  

In subjects with autism the strongest difference 
between the two categories of stimulus at short SOA 
corresponded with those identified in normal 
subjects. The difference in location between the 
significantly increased activity and the location of 
the N400 response evoked by subordinate probes at 
long latency (and anomalous sentence endings) 
further supports the notion that this evoked activity 
relates to semantic closure. Thus, in individuals with 
autism, sentence context also influences the 
activation of homograph meaning at short SOA. 
The most pertinent finding is the significantly 
increased response to subordinate probes at long 
SOA in subjects with autism, suggesting persisting 
influence of the dominant meaning of the 
homograph. Taken together the findings indicate 
differences in the persistence over time of the 
subordinate and dominant meanings of homographs. 
Thus, although we have evidence in this experiment 
that subjects with autism demonstrate contextual 
sensitivity, this does not persist over the same period 
as in normal subjects. In conclusion investigation of 
the N400 appears to be a useful tool for 
investigating the temporal dynamics of context 
sensitivity in autism.  
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